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Description 

Injection unit comprising a spindle drive and hydraulic support 

5 

The invention concerns an injection unit in 
accordance with the preamble of claim 1. 

In the past, injection molding machines involving 
10 comparatively high closing forces were designed with a 
hydraulically actuated injection and closing unit. In 
more recent times there is a tendency of replacing at 
least a part of the hydraulic drive units with 
electrically operated drive mechanisms such as, e.g., 
15 spindle drives. 

From DE 101 3 5 516 Al an injection unit for an 
injection molding machine is known, wherein inside a 
heated cylinder a screw is guided in a rotatable and 

20 axially displaceable manner. The screw is driven through 
the intermediary of a spindle drive, with a spindle being 
arranged coaxial with the screw and driven by an electric 
motor. The screw is moreover associated to a hydraulic 
cylinder, the bottom- side cylinder chamber of which may 

25 be connected with a pump or a tank for regulating a 
backup pressure through a throttle valve. This pump is 
operated by another electric motor. In order to convey 
and plastify the plastics granulate, the spindle is 
driven through the electric motor mentioned first, 

30 wherein the spindle nut is mounted so as to be rotatable 
and axially not displaceable, and jointly rotates. The 
plastics granulate is melted, conveyed by means of the 
screw, and by the backup pressure forming in front of the 
screw in the cylinder the screw is moved in the axial 

35 direction to the rear, away from the sprue bush of the 
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injection unit. This backup pressure is regulated through 
the intermediary of the hydraulic cylinder and suitable 
adjustment of the throttle valve associated to the latter 
in accordance with a predetermined pressure development. 
5 Following this apportioning and plastifying process, the 
screw is moved in the axial direction for injection of 
the molding material. To this end, the spindle nut is 
immobilized by means of a brake and the direction of 
rotation of the electric motor is reversed, so that the 

10 spindle is moved to the front, towards the injection 
nozzle of the cylinder. A joint rotation of the screw is 
at this time prevented by a free-wheel. As a result of 
this axial advance of the screw, the plastics compound is 
then injected through the injection nozzle (shut-off 

15 nozzle) of the cylinder into the cavity of the mold. This 
axial advance of the screw is supported by driving the 
hydraulic cylinder, the cylinder chamber of which is 
supplied with pressure medium through the intermediary of 
the named pump. It is a drawback in this solution that 

20 the drive mechanisms of the pump and of the spindle drive 
require a considerable complexity in terms of apparatus 
and control technology. 

From DE 101 04 109 an injection unit is known which 
25 has a similar structure as the afore-described solution. 
I.e., in this solution a considerable complexity in terms 
of apparatus is equally necessary for driving the pump 
drive mechanism and the spindle drive. 

30 In DE 102 39 591 an injection unit is described 

wherein the screw for apportioning and plastifying may be 
driven by means of an electric motor. The axial 
displacement of the screw is carried out in the 
conventional manner by means of a hydraulic cylinder, 

35 with the electric motor driving a pump whereby a 
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hydraulic accumulator may be charged which is adapted to 
be connected with the two pressure chambers of the 
hydraulic cylinder having the form of a differential 
cylinder. A drawback of this solution resides in the fact 
5 that the actuation of the screw takes place in the 
conventional manner by means of a hydraulic cylinder. 

In EP 0 760 277 Al an injection unit is disclosed 
wherein the screw is rotatable by means of a first drive 

10 mechanism for plastifying and apportioning. The axial 
displacement takes place by means of a pinion acting on a 
toothed rack of the screw, which is driven by a separate 
electric motor. The screw is moreover connected with a 
hydraulic cylinder whereby the backup pressure during 

15 plastifying may be controlled. This hydraulic cylinder 
also additionally acts on the screw during the injection 
process. The electric motor for driving the pinion 
additionally also drives a pump, through the intermediary 
of which a pressure accumulator to which a pressure 

20 chamber of the cylinder is connected may be charged. This 
solution also requires a considerable complexity in terms 
of apparatus, and the patent specification does not 
contain any hint to a possibility of the backup pressure 
being regulated through the intermediary of the hydraulic 

25 cylinder during plastifying. 

In contrast, the invention is based on the object of 
furnishing an injection unit whereby plastifying and 
injecting may be controlled at minimum complexity in 
30 terms of apparatus. 

This object is achieved through an injection unit 
having the features of claim 1. 
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In accordance with the invention, the injection unit 
comprises a screw adapted to be rotatingly driven by- 
means of a spindle drive for apportioning molding 
material. Moreover to the spindle a hydraulic cylinder is 
5 associated which additionally acts on the screw in the 
axial direction. In accordance with the invention, the 
hydraulic cylinder is supplied with pressure medium 
through a pump means driven by the one motor which is 
also used for driving the spindle drive. The pump means 
10 is designed such that for the purpose of adjusting the 
pressure acting on the screw, the hydraulic cylinder is 
supplied with somewhat more pressure medium than 
necessary. 

15 The excess quantity may, in accordance with an 

advantageous development of the invention, be carried off 
via an adjustable throttle valve to a tank or used for 
charging a hydraulic accumulator. I.e., by adjusting the 
throttle valve it is then possible, for instance, to 

20 regulate a backup pressure during plastifying. 

In a variant of the invention, the pump means has the 
form of a piston pump, the plunger piston of which is 
adapted to be driven by a spindle assembly which in turn 
25 is adapted to be driven by the motor of the spindle 
drive . 

In this variant the spindle assembly is connected 
with the motor through a clutch, so that for instance for 

30 plastifying the clutch is released and engages during 
injecting, so that the rotating movement of the electric 
motor is converted into an axial displacement of the 
plunger piston, so that the axial movement of the screw 
is supported by the built-up pressure. For the purpose of 

35 returning the plunger piston, in this solution there is 
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provided between the electric motor and the drive 
mechanism of the spindle drive an additional clutch which 
is released during retraction, so that the plunger piston 
may be returned into its basic position independently of 
5 the spindle drive. 

As an alternative for the afore -described embodiment 
in which the electric motor is connected through clutches 
with the spindle drive and a plunger pump, a conventional 

10 pump means may also be driven directly by the motor, 
wherein for plastifying a bypass valve is controlled open 
whereby a bypass line is controlled open through which 
the outlet of the pump is connected with the tank, 
wherein the pressure medium discharge from the hydraulic 

15 cylinder is determined solely by the effect of the 
throttle valve. 

In accordance with the invention it is preferred if 
between the spindle assembly and the screw a free-wheel 
20 is provided which acts in such a manner during the 
injection process that the screw may be shifted in axial 
displacement without rotation. 

A spindle nut of the spindle drive may advantageously 
25 be immobilized by means of a brake. 

Preferably the annular chamber of the hydraulic 
cylinder is connected to the pump and via the throttle 
valve to the tank or to the hydraulic accumulator. A 
30 bottom- side cylinder chamber of the hydraulic accumulator 
is preferably subjected to a constant pressure of an 
additional hydraulic accumulator. 

Further advantageous developments of the invention 
35 are subject matter of further subclaims. 
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In the following, preferred embodiments of the 
invention are explained in more detail by referring to 
schematic drawings, wherein: 

5 

Fig. 1 is a schematic view of a preferred embodiment 
of an injection unit, and 

Fig. 2 is a view of a second embodiment comprising a 
plunger pump. 

10 

In Fig. 1 a schematic diagram of an injection unit 1 
of an electro-hydraulically driven injection molding 
machine is represented. The injection unit 1 comprises a 
heatable cylinder wherein a screw 4 is received so as to 

15 be rotatable and axially displaceable . The rotary drive 
of the screw 4 is achieved through the intermediary of an 
electric motor 6 which is in operative connection with an 
end portion 14 of the screw 4 protruding from the 
cylinder 2 via a pinion 8, a toothed belt 10, and a gear 

20 12 . The gear 12 is immobilized in the axial direction by 
an axial bearing and non-rotatably connected through one 
or several feather keys 16 with the end portion 14 of the 
screw 4 such that the latter is axially displaceable 
relative to the gear 12 . 

25 

The end portion of the screw 14 is connected with a 
spindle drive 18 whereby the screw 4 may be displaced in 
the axial direction. 

30 This spindle drive 18 comprises a spindle 2 0 which is 

supported in the axial direction on a frame 24 of the 
injection unit 1 by means of an axial bearing 22. This 
frame 24 in turn is mounted with the aid of guide members 
(not shown) on the bed of the injection molding machine 

35 and movable relative thereto, jointly with the injection 
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unit, in the axial direction by hydraulic or electric 
actuation elements (not shown) , so that the injection 
unit 1 may be taken into contact with a sprue bush 2 6 of 
a mold which is clamped to the backing plates of a 
5 closing unit for injection. 

The spindle 2 0 meshes with a spindle nut 28 having 
the form of a circulating ball nut in the represented 
embodiment. The spindle nut 28 is immobilized in the 
10 axial direction by means of an axial bearing assembly 30, 
so that the spindle 2 0 is movable in the axial direction 
relative to the spindle nut 28. 

The spindle nut 28 has a radially protruding, disk 
15 brake- type brake collar 32 on which a brake 34 attacks in 
order to immobilize the spindle nut 28 such as to be 
prevented from rotation. 

In addition a differential piston 3 6 of a hydraulic 
20 cylinder 38 is supported on the frame 24. A bottom-side 
cylinder chamber 40 of the hydraulic cylinder 36 is 
connected with a hydraulic accumulator 42, while an 
annular chamber 44 is connected via a pressure line 46 
with the pressure port of a pump 48. The pump 48 is - in 
25 accordance with the indication in Fig. 1 - also driven by 
means of the electric motor 6. Between pump 48 and 
hydraulic cylinder 3 8 a check valve 5 0 is provided which 
opens in the direction to the latter and prevents a 
pressure medium flow from the cylinder 3 8 towards the 
30 pump 48. The intake port of the pump 4 8 is connected via 
an intake line 52 with a flexible, closed tank 54. From 
the pressure line 46 a drain line 56 branches which is 
connected to the tank 54 via an adjustable throttle valve 
58 . 

35 
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From the line portion between the check valve 50 and 
the pressure port of the pump 48 a bypass line 60 
branches in which a bypass valve 62 is provided. 

5 The operation of the injection molding unit is as 

follows : 

For plastifying (apportioning and melting the molding 
material) the electric motor 6 is actuated, the bypass 

10 valve 62 is taken into its represented opened position, 
so that the pressure medium conveyed by the pump 48 may 
flow back via the bypass line 60 and the bypass valve 62 
as well as the intake line 52 to the tank 54. By means of 
the toothed belt drive (8, 10, 12) the end portion 14 of 

15 the screw 4 is rotated, wherein the brake 32 is released, 
so that the spindle nut 2 8 performs a rotating movement 
in its axially immobilized position. By the rotating 
movement of the screw 4, plastics granulate is conveyed 
out of a storage container (not shown) into the cylinder 

20 2 and melted and homogenized there. 

The molten molding material is then conveyed via the 
screw 4 into a retaining space adjacent an injection 
nozzle 64 of the cylinder 2. Depending on the force 

25 applied to the screw 4 in the direction towards this 
retaining space, a backup pressure establishes, whereby 
the screw 4 is shifted back in the direction of arrow X. 
This axial displacement in the X direction is 
counteracted by the pressure in the annular chamber 44 of 

30 the cylinder 38 which is decreasing in size. 

As was mentioned above, this annular chamber 44 is 
connected via the pressure line 46 and the adjustable 
throttle valve 58 with the tank 54. By a suitable 
35 adjustment of the throttle cross -section of the throttle 
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valve 48 it is possible to throttle the pressure medium 
draining towards the tank 54, so that the backup pressure 
manifesting in the cylinder 2 may be adjusted in 
accordance with a predetermined backup pressure 
5 development by altering the effective throttle cross - 
section of the throttle valve 58. 

Following melting and homogenization of the molding 
material, the bypass valve 62 in the bypass line 60 is 

10 taken into its blocking position and the electric motor 6 
is reversed, with the direction of rotation being 
reversed in comparison with plastifying. The brake 34 is 
engaged, so that a rotation of the spindle nut 3 0 is 
prevented. The screw 4 does not perform a rotation as 

15 between the end portion 14 and the screw 4 a free-wheel 
is provided which takes effect in this direction of 
rotation of the electric motor 6. As a result of the 
rotation of the end portion 14 and the engagement with 
the spindle nut 28, the spindle 20 and thus the screw 4 

20 is moved forward in the axial direction, towards the 
sprue bush 26. This axial displacement is supported by 
the effect of the hydraulic cylinder 38, for the pump 48 
equally driven by the electric motor 6 conveys pressure 
medium via the pressure line 46 into the annular chamber, 

25 so that the latter increases in size and the frame 24 
together with the screw 4 is moved to the left in the 
representation according to Fig. 1 - the molten molding 
material is injected into the cavity of the mold. The 
pump 48 is configured such that it delivers somewhat more 

30 pressure medium than is necessary for the axial size 
increase of the annular chamber 44 . The excess pressure 
medium quantity may be carried off via the variable 
cross-section of the throttle valve 48 to the tank 54. 
I.e., through the adjustment of the throttle valve 58 it 
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is possible to vary the force of the hydraulic cylinder 
38 transmitted in the axial direction to the screw 4. 

Following injection of the molding material, the 
5 entire injection unit 1 is again returned through the 
intermediary of the drive unit (spindle drive, hydraulic 
cylinder; not represented) into the basic position 
represented in Fig. 1, and the cycle (plastifying, 
injecting) starts from the beginning. 

10 

In Fig. 2 another embodiment of the invention is 
shown. The basic construction of the injection unit 1 
comprising the cylinder 2, the screw 4, the electric 
motor 6 and the toothed belt drive 8, 10, 12, as well as 
15 the spindle drive 18 and the hydraulic cylinder 3 8 
largely corresponds to the afore-described structure, so 
that reference is made to the previous explanations as 
concerns the description of these elements . 

20 Instead of the pump 48, in the embodiment represented 

in Fig. 2 a plunger pump 64 is used, the plunger 66 of 
which is adapted to be driven by means of a spindle 
assembly 68. The spindle nut is here formed in the non- 
rotational plunger 66. This spindle nut meshes with a 

25 threaded spindle 70 that is connected through a clutch 72 
with the electric motor 6. Between the electric motor 6 
and the pinion 8 an additional clutch 74 is provided. 
Instead of the elastic tank 54, a hydraulic accumulator 
74 is used in the embodiment represented in Fig. 2. The 

30 pressure port of the plunger pump 64 is connected via the 
pressure line 4 6 with the annular chamber 3 6 of the 
hydraulic cylinder 38. As in the afore-described 
embodiment, from the pressure line 4 6 a drain line 56 
leading to the hydraulic accumulator 74 branches off in 
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which the adjustable throttle valve 58 is provided. The 
operation of this injection unit 1 is as follows: 

It shall be assumed that the entire injection unit 
5 was returned through the intermediary of the drive 
mechanism (not shown) into a position in which it 
contacts the sprue bush 26 no longer. 

For plastifying the motor 6 is driven, wherein the 

10 clutch 72 is released and the clutch 74 is engaged. 
Accordingly the screw 4 is driven in the afore-described 
manner through the electric motor 6 and the toothed belt 
drive 8, 10, 12. The brake 34 is released, so that the 
spindle nut 28 is allowed to rotate and the screw 4 is 

15 shifted back, i.e., to the right (direction of arrow X) 
in the representation of Fig. 2, by the backup pressure. 
The backup pressure may be regulated, just like in the 
previous embodiment, by a suitable adjustment of the 
throttle valve 58, whereby the annular chamber 36 

20 reducing in size of the hydraulic cylinders 3 8 is 
connected with the hydraulic accumulator 76. Following 
melting and homogenization of the molding material, the 
first clutch 72 is engaged, so that the spindle 70 of the 
spindle assembly 68 is driven and the injection unit 1 is 

25 moved forward. The direction of rotation of the electric 
motor 6 is selected such that the plunger piston 66 is 
moved to the right in the representation of Fig. 2, so 
that somewhat more pressure medium is supplied than is 
necessary for filling the annular chamber 3 6 that is 

30 increasing in size. The excess quantity of the pressure 
medium is then taken via the adjustable throttle valve 58 
to the hydraulic accumulator 76, so that the latter is 
charged. The brake 34 is engaged, so that the screw 4 is 
shifted to the left (Fig. 2) by the engagement of the 

35 spindle 7 0 with the spindle nut 2 8 and by the supporting 
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effect of the hydraulic cylinder 38, and the molding 
material is injected into the cavity through the shut-off 
nozzle contacting the sprue bush 26. 

5 In order to initiate the next cycle, the clutch 74 is 

released, the direction of rotation of the electric motor 
6 is reversed, so that the spindle 68 is also rotated in 
the opposite direction, and correspondingly the plunger 
piston 66 is extended. In parallel with this or 
10 subsequently, the injection unit 1 is then retracted, so 
that the cylinder 2 rises from the sprue bush 2 6 - the 
cycle starts anew. 

In kinematic reversal it would also be possible for 
15 the spindle nut to be driven and the spindle to be 
immobilized in the axial direction, with the spindle nut 
then being connected with the screw 4 . 

What is disclosed is an injection unit for an 
20 injection molding machine, comprising a screw which may 
be driven by means of a spindle drive. Driving of the 
spindle drive is effected by means of an electric motor. 
In addition, through the intermediary of a hydraulic 
cylinder a force acting in the axial direction is 
25 transmitted to the screw of the injection unit. In 
accordance with the invention, the electric motor drives 
a pump whereby a pressure chamber of the cylinder may be 
supplied with more pressure medium than is required in an 
axial displacement of the cylinder. 

30 
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64 plunger pump 

66 plunger piston 

68 spindle assembly 

70 threaded spindle 

72 clutch 

74 second clutch 

76 hydraulic accumulator 
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